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POWER SUPPLY APPARATUS AND ITS METHOD 

[0001] This patent specification is based on Japanese patent application No. 
2002-244232 filed on August 23, 2002 in the Japanese Patent Office, which is 
hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The prevent invention relates to power supply apparatuses for use in 
apparatuses employing a battery such as e.g., cellular phones and more particularly to 
a power supply apparatus and its method for reducing power consumption. 

BACKGROUND OF THE INVENTION 

[0003] Recently, there has been a trend toward power consumption reduction of 
electrical appliances, particularly with battery-operated apparatuses depending on 
environmental concerns. Generally, means for power consumption reduction 
requires two important things. One is to reduce power consumed by electrical 
appliances. The other is to improve efficiency of the power supply itself and 
minimize wasteful power consumption. 

[0004] One method for reducing power consumed by an apparatus includes 
dropping a voltage supplied to the apparatus. Recent apparatuses are tending to 
become multi-functional and various types of circuits are activated at various 
operation modes depending on the usage. In addition, another method includes 
dropping a voltage of the apparatus in response to various kinds of circuits. A power 
supply voltage meeting such performance requirements varies. Generally, to avoid a 
complicated power supply circuit, the power supply circuits are set for a circuit that 
requires the highest voltage. Such power supply circuits also need to supply the 
voltage to a circuit that satisfactorily performs even with a low voltage, resulting in the 
consumption of wasteful electric power. 
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[0005] On the other hand, commonly available direct current power sources 
include a switching regulator and a series regulator. The switching regulator 
provides a high efficiency in a rated load, high ripple of an output voltage and a high 
noise during operation, and relatively high power consumed by the regulator, thereby 
significandy reducing efficiency when a load consumes less power. Further, the 
switching regulator has a slighdy slow response time in response to a rise time, input 
voltage fluctuations, and load variations so that an output voltage stability is limited. 

[0006] Meanwhile, with large load current, the series regulator provides a low 
efficiency due to a high power consumed by a control transistor, low ripple of an 
output voltage, and low noise during operation. In addition, the series regulator can 
reduce power consumed by an internal power source control circuit. Thus, with 
small load current, the series regulator is often more efficient than the switching 
regulator. Further, the series regulator has a quick response time in response to a 
rise time, input voltage fluctuations, and load variations, thereby increasing output 
voltage stability. 

[0007] In this way, the direct current power sources have the above-mentioned 
types of regulators and make the most of each regulator's characteristics to reduce 
electric power. Conventionally, various power sources having these two regulator's 
characteristics are suggested. One example is described in Japanese Laid-Open 
Patent Application Publication No. 11-3126. Fig. 1 illustrates a DC-DC converter 
as described in the above-mentioned publication. 

[0008] In Fig. 1, INI and IN2 are input terminals at which a voltage Vi (e.g., 5 
volts) is supplied from a direct current power source (not shown). OUT1 and 
OUT2 are output terminals for outputting a predetermined direct current power 
source Vo (e.g., 3 volts). A switching regulator 101 and a series regulator 102 are 
connected in parallel between these input terminals and output terminals, 
respectively. An output voltage of the series regulator 102 is set slighdy lower than 
the output voltage (e.g., 2.95 volts) of the switching regulator 101. 
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[0009] When the output voltage generated by the slow-responding switching 
regulator 101 drops from 3 volts to 2.95 volts or lower due to input voltage 
fluctuations and load variations, the quick-response series regulator 102 starts its 
control operation so as to maintain an output voltage Vo at 2.95 volts. When the 
output voltage Vo again rises to be higher than 2.95 volts, the series regulator 102 is 
deactivated, decreasing the consumed voltage in the series regulator 102. In this 
way, the switching regulator 101 can achieve a quick response speed from the 
switching regulator 102 while maintaining high efficiency. 

[0010] However, in the configuration described in Japanese Patent Laid- Open 
Application Publication No. 11-3126, response characteristics of the power source is 
only improved. With a low output voltage, the series regulator 102 instead of the 
switching regulator 101 is not used and continues to activate the switching regulator 
101 having significantly decreased efficiency, resulting in the consuming of wasteful 
electric power. Moreover, under certain operating conditions in certain kinds of 
loads, a decrease in the output voltage can further decrease the electric power 
consumption. Such considerations, however, are not made. 

[0011] Alternatively, to reduce the electric power consumption of the apparatus, 
electric power including a plurality of voltages is supplied to the apparatus as a power 
source voltage to meet performances of the load mounted on the apparatus. As 
shown in Fig. 2, for example, a system apparatus 120 includes a first load 121 and a 
second load 122. The first load 121 receives a predetermined constant voltage VoA 
from a switching regulator 111 as a power source voltage. The second load 122 
receives a predetermined constant voltage VoB from a series regulator 112 as a power 
source voltage. The first load 121 operates at greater power source voltage than the 
second load 122 so that the switching regulator 111 and the series regulator 112 
output predetermined constant voltages, respectively, so as to provide a formula 
VoA>VoB. 

[0012] In this case, the second load 122, which operates at a low power source 

voltage, generally includes a protection circuit to avoid leakage current from the first 
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load 121 which operates at a high power source voltage. In order to reduce electric 
power consumption of the system apparatus 120, one approach is that the power 
source voltage in the first load 121 and the second load 122 is also reduced 
depending on the usage. For example, when the constant voltages VoA and VoB 
which are each power source voltage of the first load 121 and the second load 122 are 
decreased, the constant voltage VoA should remain above the constant voltage VoB, 
which is the power source voltage of the second load 122. To eliminate such 
conditions, the protection circuit is required to be mounted on the first load 121 and 
the second load 122 to avoid leakage current, thereby increasing the circuit scale. 

SUMMARY OF THE INVNETION 

[0013] In one embodiment, a novel power supply apparatus includes a switching 
regulator, a series regulator, and a controller. The switching regulator performs start 
and stop operations in response to a first control signal and generates a first constant 
voltage in response to a first voltage switching signal to output the first constant 
voltage. The series regulator performs start and stop operations in response to a 
second control signal and generates a second constant voltage in response to a second 
voltage switching signal to output the second constant voltage. The controller 
generates the first and second control signals and the first and second voltage 
switching signals, controls the switching regulator and the series regulator for 
simultaneous operation for at least a predetermined time period using the first and 
second control signals, respectively. The controller controls the switching regulator 
and the series regulator such that the first output voltage of the switching regulator is 
greater than the second output voltage of the series regulator using the first and 
second voltage switching signals. 

[0014] The controller may generate a third control signal and a third voltage 
switching signal. 
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[0015] The series regulator may include a plurality of series regulators, and the 
controller may selectively activate the plurality of series regulators using the third 
control signal and the third voltage switching signal. 

[0016] At least one of the plurality of series regulators may be a low-current- 
consuming series regulator consuming power less than the rest of the plurality of 
series regulators and the controller may activate the low-current-consuming series 
regulator in a low- consuming- current mode of the apparatus. 

[0017] Further, in one embodiment, a novel power supply apparatus which 
supplies different output voltages to a plurality of electric loads includes a switching 
regulator, a series regulator, and a controller. The switching regulator performs start 
and stop operations in response to a first control signal and generates a first constant 
voltage in response to a first voltage switching signal to output the first constant 
voltage to one of the plurality of electric loads. The series regulator performs start 
and stop operations in response to a second control signal and generates a second 
constant voltage in response to a second voltage switching signal to output the 
second constant voltage to another one of the plurality of electric loads. The 
controller generates the first and second control signals and the first and second 
voltage switching signals, controls the first and second voltage switching signals such 
that the first constant voltage of the switching regulator is greater than the second 
constant voltage of the series regulator, and controls the switching regulator and the 
series regulator such that the first output voltage of the switching regulator is greater 
than the second output voltage of the series regulator using the first and second 
voltage switching signals during a time the switching regulator and the series 
regulator simultaneously operate. 

[0018] Further, in one embodiment, a novel power supply apparatus includes 

switching regulating means, series regulating means, and controlling means. The 

switching regulating means performs start and stop operations in response to a first 

control signal and generates a first constant voltage in response to a first voltage 

switching signal to output the first constant voltage. The series regulating means 
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performs start and stop operations in response to a second control signal and 
generates a constant voltage in response to a second voltage switching signal to 
output the constant voltage. Controlling means generates the first and second 
control signals and the first and second voltage switching signals, controls the 
switching regulating means and the series regulating means to simultaneously operate 
for at least a predetermined time period using the first and second control signals, 
respectively, and controls the switching regulating means and the series regulating 
means such that the first output voltage of the switching regulating means is greater 
than the second output voltage of the series regulating means using the first and 
second voltage switching signals. 

[0019] The controlling means may generate a third control signal and a third 
voltage switching signal. 

[0020] The series regulating means may include a plurality of series regulating 
means, and the controlling means may selectively activate the plurality of series 
regulating means using the third control signal and the third voltage switching signal. 

[0021] At least one of the plurality of series regulating means may be a low- 
current-consuming series regulating means for consuming power less than the rest of 
the plurality of series regulating means and the controlling means may activate the 
low- current- consuming series regulating means in a low- consuming- current mode of 
the apparatus. 

[0022] Further, in one embodiment, a novel power supply apparatus which 
supplies different output voltages to a plurality of electric loads includes a switching 
regulating means, a series regulating means, and a controlling means. The switching 
regulating means performs start and stop operations in response to a first control 
signal and generates a first constant voltage in response to a first voltage switching 
signal to output the first constant voltage to one of the plurality of electric loads. 
The series regulating means performs start and stop operations in response to a 
second control signal and generates a second constant voltage in response to a second 
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voltage switching signal to output the second constant voltage to another one of the 
plurality of electric loads. The controlling means generates the first and second 
control signals and the first and second voltage switching signals, controls the first 
and second voltage switching signals such that the first constant voltage of the 
switching regulating means is greater than the second constant voltage of the series 
regulating means, and controls the switching regulating means and the series 
regulating means such that the first output voltage of the switching regulating means 
is greater than the second output voltage of the series regulating means using the first 
and second voltage switching signals during a time the switching regulating means 
and the series regulating means simultaneously operate. 

[0023] Further, in one embodiment, a novel power supply method includes the 
steps of first generating, second generating, first controlling, third generating, and 
second controlling. The first generating step generates a first control signal for 
turning on and off a switch regulator. The second generating step generates a 
second control signal for turning on and off a series regulator. The first controlling 
step controls the first and second control signals to activate the switching regulator 
and the series regulator for at least a predetermined time period. The third 
generating step generates the first voltage switching signals for turning on and off the 
switch regulator. The fourth generating step generates the second voltage switching 
signals for turning on and off the series regulator. The second controlling step 
controls the first and second voltage switching signals such that the first output 
voltage of the switching regulator is greater than the second output voltage of the 
series regulator. 

[0024] The series regulator may include a plurality of series regulating circuits 
and the first and second controlling steps may selectively activate one of the plurality 
of series regulating circuits. 

[0025] At least one of the plurality of series regulating circuits may be a low- 
current-consuming series regulating circuit which consumes less power than the rest 

of the plurality of series regulating circuits and the first and second controlling steps 
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may activate the low-current-consuming series regulating circuit in a low-consuming- 
current mode of the apparatus. 

[0026] Further, in one embodiment, a novel power supply method includes the 
steps of first generating, second generating, third generating, fourth generating, and 
controlling. The first generating step generates a first control signal for turning on 
and off a switch regulator. The second generating step generates a second control 
signal for turning on and off a series regulator. The third generating step generates 
the first voltage switching signals for turning on and off the switch regulator. The 
fourth generating step generates the second voltage switching signals for turning on 
and off the series regulator. The controlling step controls the first control signal and 
the third voltage switching signal to activate the switching regulator and the second 
control signal and fourth voltage switching signal to activate the series regulator. In 
this power supply method, the control step may control the first and second control 
signals to activate the switching regulator and the series regulator for at least a 
predetermined time period. 

[0027] The controlling step may control the first and second voltage switching 
signals such that an output voltage of the switching regulator is greater than an 
output voltage of the series regulator. 

[0028] Further, in one embodiment, a novel power supply method includes the 
steps of first generating, second generating, third generating, fourth generating, and 
controlling. The first generating step generates a first control signal for turning on 
and off a switch regulator. The second generating step generates a second control 
signal for turning on and off a series regulator. The third generating step generates 
the first voltage switching signals for turning on and off the switch regulator. The 
fourth generating step generates the second voltage switching signals for turning on 
and off the series regulator. The controlling step controls the first control signal and 
the third voltage switching signal to activate the switching regulator and the second 
control signal and fourth voltage switching signal to activate the series regulator. In 
this power supply method, the controlling step may control the first and second 
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voltage switching signals such that an output voltage of the switching regulator is 
greater than an output voltage of the series regulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] A more complete appreciation of the disclosure and many of the 
attendant advantages thereof will be readily obtained as the same becomes better 
understood by reference to the following detailed description when considered in 
connection with the accompanying drawings, in which: 

[0030] Fig. 1 is a circuit diagram illustrating an example of the conventional 
power supply apparatus; 

[0031] Fig. 2 is a circuit diagram illustrating another example of the 
conventional power supply apparatus; 

[0032] Fig. 3 is a block diagram illustrating an example of a power supply 
apparatus according to a preferred embodiment of the present invention; 

[0033] Fig. 4 is a timing chart illustrating an exemplary relationship of signals 
shown in Fig. 3; 

[0034] Fig. 5 is a block diagram illustrating a variation of a power supply 
apparatus according to another preferred embodiment of the present invention; 

[0035] Fig. 6 is a block diagram illustrating an example of a power supply 
apparatus according to another preferred embodiment of the present invention; and 

[0036] Fig. 7 is a timing chart illustrating an exemplary relationship of signals 
shown in Fig. 6. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0037] In describing preferred embodiments illustrated in the drawings, specific 
terminology is employed for the sake of clarity. However, the disclosure of this 
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patent specification is not intended to be limited to the specific terminology so 
selected and it is to be understood that each specific element includes all technical 
equivalents that operate in a similar manner. Referring now to the drawings, 
wherein like reference numerals designate identical or corresponding parts 
throughout the several views, particularly to Fig. 3, a power supply apparatus 1 
according to a preferred embodiment of the present invention is now described. 

[0038] As shown in Fig. 3, the power supply apparatus 1 includes a switching 
regulator 2, series regulator 3, and control circuit 4. The switching regulator 2 and 
the series regulator 3 are step-down regulators that switch output voltage values when 
predetermined signals are input. The control circuit 4 controls the switching 
regulator 2 and the series regulator 3 . 

[0039] In Fig. 3, the switching regulator 2 has an inductor 12 and a capacitor 
13, which form a smoothing circuit for the switching regulator 2, which is externally 
mounted on a switching regulator IC. In this example, the series regulator 3 is 
made up of one IC. 

[0040] In the switching regulator 2, the inductor 12 is connected between a 
terminal LX and an output terminal OUT1 and the capacitor 13 is connected 
between the output terminal OUT1 and a negative power supply terminal of a direct 
current power source 10. The inductor 12 is used as an element for power 
conversion. The capacitor 13 stabilizes an output voltage Vol outputted from the 
output terminal OUT1 of the switching regulator 2 and an output voltage Vo2 
outputted from the output terminal OUT2 of the series regulator 3. 

[0041] An input terminal VDD1 of the switching regulator 2 and an input 
terminal VDD2 of the series regulator 3 respectively receive a positive power supply 
voltage (hereinafter simply referred to as a power supply voltage) Vbat from the direct 
current power source 10 such as a battery. An output terminal OUT1 of the 
switching regulator 2 and the output terminal OUT2 of the series regulator 3 are 
connected to a power source output terminal OUT of the power supply apparatus 1 . 
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A control signal input terminal El is connected to a control signal output terminal 
Eal of the control circuit 4. The control signal input terminal El receives a control 
signal SE1 for controlling start and stop operations of the switching regulator 2. 
Likewise, a control signal input terminal E2 is connected to a control signal output 
terminal Ea2 of the control circuit 4. The control signal input terminal E2 receives a 
control signal SE2 for controlling start and stop operations of the series regulator 3. 

[0042] Accordingly, a switching signal input terminal CI is connected to a 
switching signal output terminal Cal of the control circuit 4. The switching signal 
input terminal CI receives a voltage switching signal SCI for controlling a switching 
of voltage values of the output voltage Vol in the switching regulator 2. Likewise, a 
switching signal input terminal C2 is connected to a switching signal output terminal 
Ca2 of the control circuit 4. The switching signal input terminal C2 receives a 
voltage switching signal SC2 for controlling a switching of voltage values of the 
output voltage Vo2 in the series regulator 3. The control circuit 4 receives power 
from the direct current power source 10 and operates by the power supply voltage 
Vbat from the direct current power source 10 as a power source. A negative power 
supply input terminal GND1 of the switching regulator 2, a negative power supply 
input terminal GND2 of the series regulator 3 , and a negative power supply input 
terminal GNDa of the control circuit 4 are connected to a negative power supply 
terminal of the direct current power source 10 and receive a ground voltage GND. 
Further, connected between the output terminal OUT1 and the ground voltage 
GND is a load 9. 

[0043] The switching regulator 2 starts its operation in response to a control 
signal SE1 which is at a high level and stops its operation in response to the control 
signal SE1 which is at a low level to draw substantially no power. Likewise, the 
series regulator 3 starts its operation in response to the control signal SE2 which is at 
a high level and stops its operation in response to the control signal SE2 which is at a 
low level to draw substantially no power. 
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[0044] Additionally, the switching regulator 2 generates a predetermined 
constant voltage Val (not shown) from the power supply voltage Vbat which is the 
output voltage Vol when a low level voltage switching signal SCI is input. The 
switching regulator 2 also generates a predetermined constant voltage Vbl (not 
shown) which is lower than the voltage Val from the power supply voltage Vbat 
which is the output voltage Vol when a high level voltage switching signal SCI is 
input. 

[0045] While a low level voltage switching signal SC2 is input, the series 
regulator 3 generates a predetermined constant voltage Va2 from the power supply 
voltage Vbat which is the output voltage Vo2. While a high level voltage switching 
signal SC2 is input, the series regulator 3 generates a predetermined constant voltage 
Vb2 which is lower than the voltage Va2 from the power supply voltage Vbat which is 
the output voltage Vo2. Moreover, the control signal SE1 includes a first control 
signal, the voltage switching signal SCI includes a first voltage switching signal, the 
control signal SE2 includes a second control signal, and the voltage switching signal 
SC2 includes a second voltage switching signal, respectively. 

[0046] In this case, the power supply voltage Vbat is 5 volts, the constant 
voltage Val is 3 volts, the constant voltage Vbl is 2.5 volts, and the constant voltage 
Va2 is 2.9 volts, the constant voltage Vb2 is 2.4 volts. In this configuration, an 
example of operation control for the switching regulator 2 and the series regulator 3 
controlled by the control circuit 4 is explained with reference to a timing chart of Fig. 
4. Further, Fig. 4 illustrates an exemplary signal relationship when the output 
voltage Vo is decreased from 3 volts to 2.5 volts. 

[0047] In Fig. 4, a time period A is a time period during which the output 
voltage Vol of 3 volts from the switching regulator 2 is outputted from the output 
terminal OUT1 as the output voltage Vo. 

[0048] In the time period A, the switching regulator 2 has a control signal input 
terminal El and a switching signal input terminal CI which receive the high level 
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control signal SE1 and the low level voltage switching signal SCI, respectively. 
Simultaneously, the series regulator 3 has a control signal input terminal E2 and a 
switching signal input terminal SC2 which receive the low level control signal SE2 
and the low level voltage switching signal SC2, respectively. Thus, the switching 
regulator 2 starts its operation while the series regulator 3 stops its operation. The 
power source output terminal OUT, therefore, outputs a voltage of 3 volts from the 
switching regulator 2. 

[0049] A time period B is a time period during which the series regulator 3 is 
activated to switch the output voltage of the switching regulator 2 from 3 volts to 2.5 
volts. 

[0050] In the time period B, when the control signal SE1 of the switching 
regulator 2 remains at the high level, the control signal SE2 of the series regulator 3 
rises to a high level, increasing the output voltage Vo2 of the series regulator 3 from 0 
volt to 2.9 volts. The resulting voltage switching signals SCI and SC2 remain at the 
low levels. The output voltage Vo of the time period B remains at 3 volts since the 
output voltage Vol of the switching regulator 2 continues to be outputted. 

[0051] A time period C is a time period during which the switching regulator 2 
temporarily stops its operation to switch the output voltage Vol of the switching 
regulator 2. 

[0052] In the time period C, when the control signal SE2 of the series regulator 
3 remains at a high level, the control signal SE1 to the switching regulator 2 falls to a 
low level, decreasing the output voltage Vol of the switching regulator 2 to 0 volts. 
The power source output terminal OUT, therefore, outputs a voltage of 2.9 volts 
from the series regulator 3. 

[0053] A time period D is a time period during which the output voltage Vo2 of 
the series regulator 3 is decreased to 2.4 volts in preparation for setting the output 
voltage Vol of the switching regulator 2 to 2.5 volts so as to normally raise the 
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output voltage Vol of the switching regulator 2 when the switching regulator 2 is 
activated. 

[0054] In the time period D, when the voltage switching signal SCI of the 
switching regulator 2 and the voltage switching signal SC2 of the series regulator 3 
rises to a high level, the control signal SE1 remains at a low level, so that the output 
voltage Vol of the switching regulator 2 also remains 0 volt. As a result, the power 
source output terminal OUT outputs the output voltage Vo2 of 2.4 volts from the 
series regulator 3. 

[0055] A time period E is a time period during which the switching regulator 2 
is activated to set the output voltage Vo to 2.5 volts. 

[0056] In the time period E, when the control signal SE1 of the switching 
regulator 2 rises to a high level, the switching regulator 2 is activated to increase the 
voltage switching signal SCI to a high level, thereby increasing the output voltage 
Vol to 2.5 volts. Therefore, when the output voltage Vol of the switching 
regulator 2 completely rises, the output voltage Vo is increased from 2.4 volts to 2.5 
volts. 

[0057] A time period F is a time period during which the series regulator 3 stops 
its operation. In this period, the control signal SE2 of the series regulator 3 falls to a 
low level, the output voltage Vo2 of the series regulator 3 falls to 0 volt, thereby 
ending voltage switching of the output voltage Vo. 

[0058] Meanwhile, when the load 9 stops its operation and a consumed current 
drops excessively, power to the load 9 may be supplied by a low-current-consuming 
series regulator. Fig. 5 is a block diagram illustrates an example of a power supply 
apparatus 100 which has this configuration. In Fig. 5, the same reference numbers 
are given to the same components as those in Fig. 3 and the detailed descriptions of 
these components are omitted. Thus, only differences between Fig. 3 and Fig. 5 are 
described below. 
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[0059] The power supply apparatus 100 of Fig. 5 is similar to the power supply 
apparatus of Fig. 3, except for a low- current- consuming series regulator 105 and a 
control circuit 100. The low-current-consuming series regulator 105 consumes 
lower current than that of the series regulator 3 and the control circuit 104 controls 
the low-current-consuming series regulator 5. 

[0060] In Fig. 5, the low- current- consuming series regulator 105 is a step-down 
series regulator for switching a voltage value of an output voltage when a 
predetermined signal is input. Fig. 5 illustrates an example of the low-current- 
consuming series regulator 105, which is made up of one IC. The capacitor 13 
stabilizes the output voltage Vo3 output from the output terminal OUT3 of the low- 
current- consuming series regulator 105. 

[0061] In the low- current- consuming series regulator 105, an input terminal 
VDD3 receives the power supply voltage Vbat from the direct current power source 
10 and the output terminal OUT3 is connected to the power source output terminal 
OUT. A control signal input terminal E3 is connected to a control signal output 
terminal Ea3 of the control circuit 104. The control signal input terminal E3 
receives a control signal SE3 from the control circuit 104 for controlling start and 
stop operations of the low-current-consuming series regulator 105. Accordingly, a 
switching signal input terminal C3 is connected to a switching signal output terminal 
Ca3 of the control circuit 104. The switching signal input terminal C3 receives a 
voltage-switching signal SC3 for controlling a switching of a voltage value of the 
output voltage Vo3 in the low- current- consuming series regulator 105. A negative 
power supply input terminal GND3 of the low- current- consuming series regulator 
105 is connected to a negative power supply terminal of the direct current power 
source 10 and receives a ground voltage GND. 

[0062] The low-current-consuming series regulator 105 starts its operation in 

response to a control signal SE3 which is at a high level and stops its operation in 

response to a low level control signal SE3 to draw substantially no power. 

Additionally, the low-current-consuming series regulator 105 generates a 
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predetermined constant voltage Va3 from the power supply voltage Vbat which is the 
output voltage Vo3 when a low level voltage switching signal SC3 is input. The 
low-current- consuming series regulator 105 also generates a predetermined constant 
voltage Vb3 which is lower than the voltage Va3 from the power supply voltage Vbat 
which is the output voltage Vo3 when a high level voltage switching signal SC3 is 
input. Moreover, the control signal SE3 and the voltage switching signal SC3 
include a second control signal and a second voltage switching signal, respectively. 
The series regulator 3 and the low- current- consuming series regulator 105 may be 
regarded as one series regulator portion. 

[0063] In this configuration, when the load 9 stops its operation and a 
consumed current drops excessively, the switching regulator 2 and the series regulator 
3 stop their operations to activate the low-current-consuming series regulator 105, 
thereby outputting the output voltage Vo3 from the power source output terminal 
OUT. Fig. 5 illustrates an example when the series regulator 3 and the low- current- 
consuming series regulator 105 are separately provided. However, both of the series 
regulator 3 and the low-current-consuming series regulator 105 may be integrated 
into a single series regulator to minimize the consumed current of the single series 
regulator using a consumed current switching signal from the control circuit 4. 
Further, the constant voltages Va3 and Vb3 may be the same as the constant voltages 
Va2 and Vb2, respectively. 

[0064] Thus, when switching the output voltage Vol of the switching regulator 
2, each of the above-described power supply apparatuses 1 and 100 simultaneously 
activates the switching regulator 3 to make the output voltage Vo2 of the series 
regulator 3 lower than the output voltage Vol of the switching regulator 2. This 
smoothly switches the output voltage Vol of the switching regulator 2 and minimizes 
a noise generated by the output voltage Vo so that a malfunction of each of the 
apparatuses 1 and 100 can be prevented. In addition, the output voltage Vo is 
optimally selected for each operation mode of the load 9 to reduce the power 
consumption. Further, when a consumed voltage which is supplied to the power 
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source apparatus is low, the power source apparatus stops the operation of the 
switching regulator 2 to provide power only with the series regulator 3, thereby 
reducing power consumption. 

[0065] Fig. 6 is a block diagram illustrating an example of a power supply 
apparatus according to another embodiment of the present invention. Furthermore, 
in Fig. 6, the same reference numbers are given to the same components as those in 
Fig. 3 and the detailed descriptions of these components are omitted. Thus, only 
differences between Fig. 3 and Fig. 5 are described below. 

[0066] The power supply apparatus 200 of Fig. 6 is similar to the power supply 
apparatus 1 of Fig. 3, except for a control circuit 22. The control circuit 22 controls 
the switching regulator 2 and the series regulator 3 . 

[0067] As described above, the output terminal OUT1 of the switching 
regulator 2 and the output terminal OUT2 of the series regulator 3 are connected to 
the output terminal OUTa and the output terminal OUTb of the power supply 
apparatus 200, respectively. The control signal input terminal El is connected to a 
control signal output terminal Ebl of the control circuit 22. The control signal 
input terminal El receives the control signal SE1 for controlling start and stop 
operations of the switching regulator 2. Likewise, the control signal input terminal 
E2 is connected to a control signal output terminal Eb2 of the control circuit 22. 
The control signal input terminal E2 receives the control signal SE2 for controlling 
start and stop operations of the series regulator 3. 

[0068] Accordingly, the switching signal input terminal CI is connected to a 
switching signal output terminal Cbl of the control circuit 22. The switching signal 
input terminal CI receives the voltage switching signal SCI for controlling a 
switching of a voltage value of the output voltage Vol in the switching regulator 2. 
Likewise, the switching signal input terminal C2 is connected to a switching signal 
output terminal Cb2 of the control circuit 22. The switching signal input terminal 
C2 receives the voltage switching signal SC2 for controlling a switching of a voltage 
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value of the output voltage Vo2 in the series regulator 3. The control circuit 22 
receives power from the direct current power source 10, and operates by the power 
supply voltage Vbat from the direct current power source 10 serving as a power 
source. 

[0069] Moreover, a negative power supply input terminal GNDb of the control 
circuit 22 is connected to the negative power supply terminal of the direct current 
power source 10 and receives the ground voltage GND. Further, connected 
between the output terminal OUTa and the ground voltage GND is a first load 9a. 
Connected between the output terminal OUTb and the ground voltage GND is a 
second load 9b. The first load 9a and the second load 9b which have predetermined 
functions form a part of a system apparatus 2 5 . 

[0070] The first load 9a receives the output voltage Vol of the switching 
regulator 2 as a power supply voltage. The second load 9b receives the output 
voltage Vo2 of the series regulator 3 as a power supply voltage. Since the first load 
9a operates at greater power source voltage than the second load 9b, the control 
circuit 22 causes the switching regulator 2 and the series regulator 3 to output 
respective predetermined constant voltages so as to provide a formula Vol>Vo2. 

[0071] In this case, the power supply voltage Vbat is 5 volts, the constant 
voltage Val is 3 volts, the constant voltage Vbl is 2.5 volts, and the constant voltage 
Va2 is 2.9 volts, the constant voltage Vb2 is 2.4 volts. In this configuration, an 
operation control example of the switching regulator 2 and the series regulator 3 
controlled by the control circuit 22 is explained with reference to a timing chart of 
Fig. 7. 

[0072] In Fig. 7, a time period G is a time period during which the output 
voltages Vol and Vo2 output from the switching regulator 2 and the series regulator 
3, respectively, are interrupted and are 0 volts. 
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[0073] In the time period G, the switching regulator 2 has the control signal 
input terminal El and the switching signal input terminal CI receive low level control 
signal SE1 and low level voltage switching signal SCI, respectively. Simultaneously, 
the series regulator 3 has the control signal input terminal E2 and the switching signal 
input terminal C2 receive low level control signal SE2 and low level voltage switching 
signal SC2, respectively. Thus, the switching regulator 2 and the series regulator 3 
stop their operations. The output terminals OUTa and OUTb, therefore, output a 
voltage of 0 volts. 

[0074] A time period H is a time period during which the output voltage Vol 
outputs 3 volts to the output terminal OUTa from the switching regulator 2. 

[0075] In the time period H, the switching regulator 2 has the control signal 
input terminal El and the switching signal input terminal CI receive high level 
control signal SE1 and low level voltage switching signal SCI, respectively. 
Simultaneously, the series regulator 3 has the control signal input terminal E2 and the 
switching signal input terminal C2 receive low level control signal SE2 and low level 
voltage switching signal SC2, respectively. Thus, the switching regulator 2 starts its 
operation while the series regulator 3 stops its operation. The output terminals 
OUTa and OUTb, therefore, output voltages of 3 volts and 0 volts, respectively. 

[0076] A time period I is a time period during which the switching regulator 3 is 
activated. 

[0077] In the time period I, when the control signal SE1 of the switching 
regulator 2 remains at a high level, the control signal SE2 of the series regulator 3 
rises to a high level, increasing the output voltage Vo2 of the series regulator 3 from 0 
volts to 2.9 volts. The resulting voltage switching signals SCI and SC2 remain at 
low levels. The output terminal OUTa, therefore, continues to output a voltage of 
3 volts and the output terminal OUTb outputs a voltage of 2.9 volts. 
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[0078] A time period J is a time period during which the output voltage Vo2 of 
the series regulator 3 is switched from 2.9 volts to 2.4 volts in order to switch the 
output voltage Vol of the switching regulator 2 from 3 volts to 2.5 volts. 

[0079] In the time period J, when the voltage switching signal SCI of the 
switching regulator 2 remains at a low level, the voltage switching signal SC2 of the 
series regulator 3 rises to a high level, decreasing the output voltage Vo2 of the series 
regulator 3 to 2.4 volts. At this time, both of the control signals SE1 and SE2 
remain at a high level. Therefore, the output terminal OUTa continues to output a 
voltage of 3 volts and the output terminal OUTb outputs a voltage of 2.4 volts, 
respectively. 

[0080] A time period K is a time period during which the output voltage Vol of 
the switching regulator 2 is switched from 3 volts to 2.5 volts. 

[0081] In the time period K, when the voltage switching signal SC2 of the series 
regulator 3 remains at a low level, the voltage switching signal SCI of the switching 
regulator 2 rises to a high level, decreasing the output voltage Vol of the switching 
regulator 2 to 2.5 volts. At this time, both of the control signals SE1 and SE2 
remain at a high level. Therefore, the output terminal OUTa outputs a voltage of 
2.5 volts and the output terminal OUTb continues to output a voltage of 2.4 volts. 

[0082] A time period L is a time period during which the output voltage Vol of 
the switching regulator 2 is increased to 3 volts in preparation for setting the output 
voltage Vo2 of the series regulator 3 to 2.9 volts. 

[0083] In the time period L, when the voltage switching signal SC2 of the series 
regulator 3 remains at the high level, the voltage switching signal SCI of the 
switching regulator 2 is decreased to a low level, increasing the output voltage Vol of 
the switching regulator 2 to 3 volts. At this time, both of the control signals SE1 
and SE2 remain at a high level. Therefore, the output terminal OUTa outputs a 
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voltage of 3 volts and the output terminal OUTb continues to output a voltage of 2.4 
volts. 

[0084] A time period M is a time period during which the output voltage Vo2 of 
the series regulator 3 rises to 2.9 volts. 

[0085] In the time period M, when the voltage switching signal SCI of the 
switching regulator 2 remains at a low level, the voltage switching signal SC2 to the 
series regulator 3 is decreased to the low level, increasing the output voltage Vo2 of 
the series regulator 3 to 2.9 volts. At this time, both of the control signals SE1 and 
SE2 remain at a high level. Therefore, the output terminal OUTa continues to 
output a voltage of 3 volts and the output terminal OUTb outputs a voltage of 2.9 
volts. 

[0086] A time period N is a time period during which the switching regulator 2 
and the series regulator 3 stop their operations. In this period, both the control 
signal SE1 of the switching regulator 2 and the control signal SE2 of the series 
regulator 3 are decreased to a low level. As a result, the output voltage Vol of the 
switching regulator 2 and the output voltage Vo2 of the series regulator 3 fall to 0 
volts. 

[0087] Thus, in the power supply apparatus 200, the first load 9a receives the 
output voltage Vol of the switching regulator 2 as a power supply voltage and the 
second load 9 b receives the output voltage Vo2 of the series regulator 3 as a power 
supply voltage. The first load 9a operates at greater power source voltage than the 
second load 9b so that the control circuit 22 controls the output voltages of the 
switching regulator 2 and the series regulator 3 to provide the formula Vol>Vo2. 
This decreases a circuit scale and provides an output voltage suitable for the loads 
receiving voltage under different conditions without causing a voltage leakage. 
Further, for each operation mode of the first and second loads 9a and 9b, the output 
voltages Vol and Vo2 can be optimally selected to reduce the electric power 
consumption. 
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[0088] As described above, as examples, the power supply apparatuses 1, 100, 
and 200 supply power sources to the control circuits 4 of Figs. 3 and 5 and the 
control circuit 22 of Fig. 6 from the direct current power source 10. However, it is 
understood that the invention is not limited to the specific embodiments. It may be 
powered by another regulator (not shown) which generates and outputs a 
predetermined constant voltage from power supply voltage Vbat generated from the 
direct current power source 10. Moreover, in the above-described embodiments, 
an exemplary operation of controlling each output voltage of the switching regulator 
2 and the series regulator 3 is performed. However, it is understood that the 
invention is not limited to the specific embodiments. Further, one embodiment 
performs an exemplary operation using each one of the switching regulator 2 and the 
series regulator 3. However, it is understood that the invention is not limited to the 
specific embodiment. 

[0089] Numerous additional modifications and variations are possible in light of 
the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the disclosure of this patent specification may be practiced otherwise 
than as specifically described herein. 
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